Background: The functional status of heart failure (HF) is conventionally evaluated by peak exercise oxygen consumption (VO max).
Introduction
status of HF [5] . Specifically, it has been suggested that, in spite of similar left ventricular ejection fraction, patients Despite continuing advances in the diagnosis and with VO max more than 14 ml / kg / min have a far better 2 therapy of heart failure (HF) the mortality of this prognosis than those with VO max less than 14 ml / kg / 2 syndrome remains high [1] . Although various parameters min [6] . However, several groups have found no statistical have been used to assess the severity of congestive HF difference in survival between patients with VO max 2 [2,3], they have several potential limitations [4] . Recent levels in the range of 10 to 14 ml / kg / min and those with American Heart Association consensus reports have reclevels in the range of 14 to 18 ml / kg / min [7] . ommended that peak exercise oxygen consumption (VO Although, several echocardiographic indexes have been 2 max) can be used to evaluate objectively the functional proposed as prognostic indicators in chronic HF [8, 9] ; these indexes represent the functional status of the heart at rest. In patients with HF, both the response of cardiac output to exercise and VO max provide valuable in-2.2. Echocardiography 2 dependent prognostic information regarding the functional status of the failing heart [10], indicating that the ability of Measurements and tracings were carried out according the failing heart to maintain an adequate cardiac output to the principle of the leading edge, in accordance with the depends on its functional reserve.
recommendations of the American Society of EchocardiogDobutamine stress echocardiography is receiving inraphy [18] . Left ventricular dimensions and wall thickness creasing attention in relation to patients with coronary were measured from parasternal targeted M-mode echartery disease [11] . Moreover, by its well known direct ocardiographic recordings. Care was taken to record the positive inotropic action, it is known to increase cardiac largest and smallest left ventricular dimensions present performance in patients with HF [12] . In this regard, it has between the tips of the mitral valve leaflets and the been suggested that dobutamine can be used in order to superior aspect of the papillary muscles. End-diastolic evaluate myocardial reserve, which is a better descriptor of diameter was taken at the Q wave of the electrocarthe functional status of the heart than rest indexes or diogram. End-systolic dimension was determined to be the indexes based on volumetric measurements [13] . This has shortest distance between walls rather than at the time of been confirmed in several subgroups of patients with peak downward septal motion [19] . Using a Hewlettchronic heart failure due to coronary artery disease [ ventricular heart-rate corrected mean velocity of circummen and 9 women, mean age 55610 years, with good ferential fiber shortening (Vcfc), calculated as follows: quality M-mode and 2-dimensional echocardiography were Vcfc5(%FS / LVET)3RR [20] . (LVET represents left venrecruited for analysis. The cause of dilated cardiomyopathy tricular ejection time in milliseconds from the opening to was idiopathic in 25 patients while an evidence of myocarthe closing clicks of the aortic valve flow velocity enditis based on clinical, ECG and echocardiographic findvelope by continuous-wave Doppler imaging); (5) Vcfc / ings, was reported in five patients. Nine patients were in systolic meridional wall stress ratio; (6) cardiac output, New York Heart Association functional class II, thirteen calculated as the product of stroke volume3heart rate were in class III, and eight were in class III-IV. Diagnosis (stroke volume, was calculated according to the formula: 2 of dilated cardiomyopathy was based on the echocardiogp /43(aortic diameter) 3aortic velocity-time integral. raphic findings of a dilated left ventricle (left ventricular Aortic diameter was measured in a two-dimensional end-diastolic diameter .60 mm) with severely affected parasternal long axis view, just below the aortic orifice, systolic function; fractional shortening ,20% and ejection from the inner echo at rest only, because the aortic valve is fraction below 35%. In no case was a significant regional thought to remain constant during exercise or dobutamine wall motion abnormality recorded by two-dimensional infusion [21] . Aortic velocities were measured by continuechocardiography. Coronary angiography performed in all ous Doppler in an apical five chamber view; (7) from 2D patients revealed no coronary artery disease. All patients echocardiography and using the modified Simpson's rule were in sinus rhythm and were under digoxin, angiotensintechnique, end-diastolic and end-systolic volumes were converting enzyme inhibitors and diuretic drugs in calculated and ejection fraction was derived [(end diasadequate doses. Patients with rhythm disturbances, istolic-end systolic volume) / end diastolic volume]3100. chemic cardiomyopathy, more than mild valvular heart Vcfc / end systolic meridional wall stress ratio was also disease, or regional wall motion abnormalities were exmeasured as an index of myocardial contractile reserve. cluded. Transthoracic echocardiography was performed
The latter index is a preload and heart rate-independent and the echocardiographic variables were measured at index of contractility that incorporates afterload [15] . The baseline and after dobutamine infusion. One hour later VO changes in the above echocardiographic variables after sent the values obtained after inotropic stimulation minus server variability) root mean square differences between those obtained at baseline. All measurements were made at duplicate determinations was performed. A p value ,0.05 a speed paper of 100 mm / s and represent the average of was considered statistically significant. the measurements of five consecutive beats. In all cases echocardiograms were analyzed by two independent expert observers. In cases of discrepancy the average was calcu-3. Results lated and the mean value was reported.
No major side effects were reported during dobutamine 2.3. Dobutamine infusion infusion. The VO max measured in all patients ranged 2 from 7.6 to 23 ml / kg / min (mean 14.0660.64 ml / kg / min). Dobutamine was infused intravenously in two steps after establishment of a stable hemodynamic state (heart rate, 3.1. Echocardiographic measurements blood pressure). The duration of each step was 5 min and the maximal end dose of dobutamine infused was 10
The echocardiographic measurements of the whole study mg / kg / min [22] . At each step dobutamine infusion was group at baseline and after dobutamine infusion are shown increased by 5 mg / kg / min, reaching 10 mg / kg / min at the in Table 1 . The changes in the echocardiographic variables second step. Every minute during the protocol, systolic, are also reported in Table 1 . After dobutamine infusion diastolic and hence mean arterial blood pressure (Siemens, statistically significant increases in fractional shortening Sirecust 888 device), heart rate and a 12-lead electro-( p:0.004) and ejection fraction ( p:0.005) were observed. cardiogram were recorded.
Systolic blood pressure increased at borderline significance ( p:0.06), while mean blood pressure significantly de-2.4. Cardiopulmonary exercise testing creased ( p:0.000). Heart rate, stroke volume and consequently cardiac output significantly increased ( p:0.02, Exercise testing with respiratory gas exchange measurep:0.0000 and p:0.0000, respectively). Vcfc and Vcfc / endments was performed while patients exercised on a treadsystolic meridional wall stress significantly increased mill according to the Dargie protocol [23] . Oxygen con-( p:0.001 and p:0.04, respectively). The other echocardiogsumption, carbon dioxide production and respiratory exraphic variables did not change significantly after inotropic change ratio were measured continuously during exercise stimulation. using the Medgraphics CPX / MAX automated gas ex-
The correlation between VO max and the changes in 2 change measuring system, which provides the above gas echocardiographic variables are shown in Table 2 . exchange data for each individual breath (which can then be averaged over a 5 s interval). Blood pressure was 3.2. Response of echocardiographic variables to measured with a mercury sphygmomanometer and the dobutamine in patients with high vs those with low VO 2 electrocardiogram was monitored continuously with a max computer-assisted system (Marquette Electronics Inc.). Patients were familiar with exercise testing and they were
The study population was further divided in two groups; encouraged to exercise until symptoms forced them to Group I (17 patients), comprised patients with VO max 2 stop. All patients terminated the test because of dyspnea or more than 14 ml / kg / min (mean 16.3660.66 ml / kg / min) fatigue, and in all patients the gas exchange anaerobic and group II (13 patients) patients with VO max less than 2 threshold (the point at which carbon dioxide production 14 ml / kg / min (mean 11.160.49 ml / kg / min). increased disproportionately in relation to oxygen conThe values of the echocardiographic variables before sumption) and a respiratory exchange ratio .1.0 were and after inotropic stimulation with dobutamine are shown reached. Peak oxygen consumption (ml / min / kg) at peak in Tables 3 and 4 . In Table 5 Vcfc / end-systolic meridional wall stress ratio (Fig. 1) , VO make the following observations. Firstly, the trend line 2 max vs the changes in left ventricular end systolic diam-(linear regression model) of the above variables cuts the x eter, (Fig. 2) , and VO max vs the changes in left axis at the value 12, 13, or 14 ml / kg / min for VO max 2 2 ventricular posterior wall thickness (Fig. 3) , on a scatterrespectively indicating that we may expect an improve- Table 3 Echocardiographic variables before dobutamine infusion in the patients with VO max .14 ml / kg / min (Group I, n:17), and in the patients with VO max Table 1   Table 5 Statistically significant changes in echocardiographic variables in the patients with VO max .14 ml / kg / min (group I, n: 17), and in the patients with VO shortening / end-systolic meridional wall stress ratio (Vcf / SWS). Note that the trend line cuts the x axis at the value of 12 ml / kg / min for VO max. less than 14 ml / kg / min. Secondly, changes in echodobutamine variables that correspond to the range of 10-Intra-and inter-observer variability of the echocardiog-14 ml / kg / min of VO max, fall very near to the zero line raphic measurements at baseline and after dobutamine 2 and some of them are even positive or negative, expressing infusion are given in Table 6 . an improvement in myocardial reserve.
Ten month follow-up

Discussion
During the ten month follow-up, two patients from The results of this study showed that in patients with group II died (6.6% of the whole study group) and two non ischemic dilated cardiomyopathy left ventricular patients underwent heart transplantation. All patients from systolic performance indexes, contractility status and group I remained alive and none required heart transplantastroke volume were increased after inotropic stimulation. tion.
A correlation between VO max and the changes in 24] we observed, that out wall motion abnormalities, end-systolic and end-diasafter low dose dobutamine infusion cardiac contractility, tolic diameter) are prognostic indexes [27] . The prognostic stroke volume, heart rate and consequently cardiac output value of posterior wall thickness in dilated cardiomyopathy were increased. Although, the changes in systolic posterior has also been reported [9] . wall thickness and in left ventricular end systolic diameter Myocardial contractile reserve represents the common probably represent the simple easy way, to measure the denominator of both Vcfc / end-systolic meridional wall functional status of heart failure, Vcfc / end-systolic meridstress ratio and VO max and may, therefore, explain the 2 ional wall stress ratio represents another index which correlation between these two parameters in patients with incorporates afterload. Since left ventricular afterload heart failure. However, apart from central, peripheral increased after dobutamine infusion it seems that augmentfactors may also contribute substantially to lower VO max 2 ing myocardial contractility (Vcfc and in Vcfc / end-systolic seen in chronic heart failure. In this respect these two meridional wall stress ratio) in these patients did not result indexes may measure different aspects of heart failure, in a decrease in left ventricular internal load [16] . Vcfc although both of them reflect functional status of heart incorporates heart rate which might have variable effect on failure. force-frequency relationship in patients with dilated carAlthough VO max ,14 ml / kg / min has been used as 2 diomyopathy. However, in our series, heart rate did not an objective index of the functional status of the heart, it vary significantly between groups before and after inohas been shown to improve with vasodilator and exercise tropic stimulation, indicating that in low dose dobutamine therapy in patients with HF [28, 29] . Accordingly, the administration heart rate does not significantly influence results of this study showed that the cut-off point of VO 2 the contractile status of the failing heart [14, 16] . Wall max may not be 14 ml / kg / min (indeed it may be lower, stress reflects the combined effects of instantaneous depending on other factors). This may indicate an improveperipheral loading conditions and factors internal to the ment not only in functional capacity but also in prognosis. heart [25] . The ability of the ventricle to unload itself is crucial to the maintenance of normal myocardial mech-4.2. Study limitations anics since it is the wall stress that determines the overall extent and mean velocity of fiber shortening [26] . In this
(1) The heterogeneous contractile responses to study the response of systolic meridional wall stress to dobutamine observed in this study among patients with inotropic stimulation was different between the groups, chronic HF have been reported previously [16] and may indicating that the myopathic left ventricle might have an reflect differences in b1-adrenoreceptor density, which was abnormal distribution of fiber shortening [16] . This differnot investigated in this study. Although the response to ent response of the left ventricle to inotropic stimulation dobutamine may underestimate the contractile reserve of seems to represent a different stage of the same disease the failing myocardium, the magnitude of the drug's effect process [16] . The results of this study also showed that appears to decline as left ventricular function deteriorates; after dobutamine infusion there is a correlation between the latter is accompanied by a reduction in b-adreno- view since the main interest of this study was the changes cardiac factors, [33, 34] . In this respect dobutamine ech- 
